Nosema pernyi is the lethal pathogen of pebrine disease in Antheraea pernyi. We have developed a PCR-based method for detection of N. pernyi using specific primers. The primers were designed by the reported conserved regions of microsporidian SSU rRNA. When the genomic DNA of N. pernyi was used as the DNA template, the specific DNA sequences were amplified by PCR. It was observed that PCR diagnosis of N. pernyi using the three sets of primers provided increased specificity and sensitivity when compared with light microscopy.
INTRODUCTION
Microsporidia are unicellular parasites commonly found in invertebrates. The infective stage of these parasites is the spore, which possesses a rigid cell wall that protects the parasite outside its host (Lujian et al., 1998) . The pathogenesis of pebrine disease is that the hosts are infected by microsporidia. Nowadays, the loss of sericulture production caused by pebrine disease is increasingly serious, but the common technique of inspection on pebrine disease is still the conventional light microscopy detection, the accuracy and efficiency of which are hard to control. It is difficult to diagnose pebrine disease without using laboratory equipment, so numerous methods have been developed for the diagnosis of microsporidia in hosts, such as electron microscopy (Liu et al., 1973; Cheung et al., 1995) , staining (Weber et al., 1992; Liu et al., 2007) , serology (Knell et al.,1978; Guo et al., 1994; Shamim et al., 1997; Tang et al., 1999) , in situ hybridization (Velasquez et al., 1999; Wei et al., 2005) , etc. However, these methods are not feasible for routine diagnosis due to their expensiveness and the fact that With the development of molecular biology, molecular method became an alternative method for the laboratory diagnosis of microsporidiosis. The small subunit rRNAs of microsporidia are highly conserved (Vossbrinck et al., 1987; Weiss et al., 1999; Huang et al., 2004; Liyama et al., 2004) , so molecular techniques based on PCR and the amplification of ribosomal RNA gene fragments, seem to be superior because of their high specificity and sensitivity as well as their ability to detect all microsporidian developmental stages (Kawakami et al., 2001; Hester et al., 2002; Klee et al., 2006) .
Nosema pernyi is the lethal pathogen of pebrine disease in Antheraea pernyi. Pebrine disease has specific negative effects on A. pernyi, there are much serious economic loss in the process of breeding A. pernyi in China every year. Now, the spread of this disease alarmed the sericulture, thus studies on the disease became the focus of everyone's attention.
Due to much growth in the inspection of microsporidian spores in recent years, molecular methods were developed to improve accurate diagnosis of N. pernyi in the laboratory. Here, we present a rapid, specific, and sensitive method for the detection of N. pernyi in A. pernyi by PCR amplification of partial rRNA gene fragments.
MATERIALS AND METHODS

Preparation of spores of N. pernyi
We isolated and purified the spores of N. pernyi using the combined methods of differential centrifugation and percoll density gradient centrifugation. Percoll is an effective medium for cleaning microsporidian (Jouvenaz, 1981) , so we used percoll as the medium, and compared the effect of percoll purification between single density gradient and discontinuous density gradient. We selected 30, 50 and 70% percoll as the single density gradient, and 25, 50, 75% and 25, 50, 75, 100% percoll as the discontinuous density gradient.
Tubes containing the spore-percoll mixture were centrifuged at -4 at 15,000 rpm for 30 min. The pellet, which contained purified spores, was washed with sterile NANO pure water, centrifuged again at 1500 rpm for 3 min, and resuspended in sterile NANO pure water. A hemacytometer (Wolk et al., 2000) was used to count the spores. The spore concentration was adjusted to 10 9 spores•mL -1 of water and the spores were recounted to ensure that the spore density was correct and stored at 4°C until use.
DNA preparation
DNA was prepared from the frozen tissue specimens of the infected N. pernyi and healthy by incubation at 55°C for 4 h in TE buffer (10 mmol•L -1 Tris-HCl, pH 8.0, 10 mmol•L -1 EDTA, pH 8.0) containing 100 mmol•L -1 NaCl, 2% SDS, 0.039 mol•L -1 DTT and proteinase K (100 µg•mL -1 ) followed by phenol-chloroform extraction involving RNase (100 µg•mL -1 ) and ethanol precipitation. DNA prepared by ethanol precipitation was resuspended in TE buffer, and extracted samples were kept at -20°C until use.
PCR amplification
Three sets of primers were used: (1) P1,5'-CACCA GGTTG ATTCT GCCTG AC -3' and P2, 5'-GCAAC CATGT TACGA CTTAT ATCAG A -3'; (2) N1, 5'-GTTGA TTCTG CCTGA GGTAG AC -3' and N2, 5'-CAATG GTATC TAATC ACCTT CG-3'. (3) P11, 5'-CACCA GGTTG ATATT GCCTG AC-3' and P22, 5'-GCAAC CATTA TACGA CTTAT AT-3'. Primer P1/P2 was designed from the sequence of a gene of small subunit rRNA of Vairimorpha necatrix (Vossbrinck et al., 1987) . Primer N1/N2 was designed from a partial sequence of SSU rRNA gene of Nosema sp. (Wang et al., 2001) . Primer P11/P22 was design from a partial sequence of SSU rRNA gene of microsporidia in this study.
25 µL PCR mixture that contained 0.2 µM of primers, 0.2 mM of dNTPs, 1×buffer, 2 mM MgCl2, 1 units Taq DNA polymerase (Takara, Dalian China), appropriately diluted template DNA (approximately 50 ng) was used. The PCR procedure started for an initial 3 min at 94°C, followed by 30 cycles of 45 s at 94°C, 45 s at 55°C, 90 s at 72°C, followed by a final extension of 5 min at 72°C.
Analysis of PCR products by agarose gel electrophoresis
Amplified PCR products were electrophoresed through 1.0% agarose gel with DNA marker (DL2000), stained with ethidium bromide, and visualized using UV illumination. A digital image of each gel was analyzed using a software program by Bio-Rad.
RESULTS AND DISCUSSION
Purification of spores of N. pernyi
As shown in Table 1 , the purification effect of percoll discontinuous density gradient centrifugation is better than that of single density gradient centrifugation. Purification effect of discontinuous density gradient 25, 50, 75, 100% is better than that of 30, 50, 75%. The results of discontinuous density gradient 25, 50, 75, 100% tended to higher purity and more numbers of spores of N. pernyi. Two purification methods showed a similar trend that the layer closer to the tube bottom is purer and more, the middle layer less and the first layer least or not even. The purity of the strip layer near the tube bottom is from 91.8 to 95%.
Primer specificity
As shown in Figure 1 , DNA from spores of N. pernyi was well extracted. The DNA band is clear, bright, good in integrity, and no tailing phenomenon. As shown in Figure  2 , primer (P 1 /P 2 ) could amplify only DNA of the partial small subunit rRNA of N. pernyi. Moreover, it never gave an amplification product when DNA from A. pernyi uninfected by N. pernyi was used as template (Lane 1-3). This primer pair seems to be specific for N. pernyi.
As expected, N. pernyi, A. pernyi and moth infected by N. pernyi, and mixture of N. pernyi and A. pernyi infected by N. pernyi gave clear amplicons of the size (600 bp) when primer pair N 1 /N 2 was used (Lane 4-8). Primers P 11 and P 22 gave an amplification product from the DNAs of A. pernyi infected by N. pernyi, purified N. pernyi, moth infected by N. Pernyi (Lane 9, 11 and 12). The length of the products was estimated to be 1500 bp. Meanwhile, DNA sample from A. pernyi uninfected by N. pernyi and no template DNA gave any PCR products (Lane 10, 13).
Primer sensitivity
In recent years, the sensitivity of detection of microsporidia using molecular techniques based on PCR has been studied and reported (Qin et al., 2002; Pan et al., 2007) . We selected primer pair N 1 /N 2 to investigate the sensitivity of detection of N. pernyi. Different contents of DNA from N. pernyi spores were diluted with ddH 2 O from 960 ng down to 0.47 ng experimentally. Figure 3 shows that primer N 1 /N 2 generated an amplicon of 600 bp when the content of DNA from N. pernyi spores was at least 0.47ng in the reaction volume of 25 µL. However, there is no PCR products in A. pernyi uninfected by N. pernyi even if its content of DNA was up to 1310 ng.
Molecular method is an alternative method for the laboratory diagnosis of microsporidiosis. Molecular techniques based on PCR seem to be superior because of their high specificity, so in recent years many inspection methods based PCR were reported in microsporidia which infects the hosts, such as Bombyx mori, bumble bees and other economic insects (Kawakami et al., 2001; Liu et al., 2004; Klee et al., 2006) . In this paper, all three primer pairs gave amplification products when DNAs from purified spores of N. pernyi and infected host tissue were used as template, and never gave PCR products from DNAs of A. pernyi uninfected by N. pernyi. Thus, the three sets of primers are expected to show high specificity to N. pernyi. The diagnosis technique of pebrine disease of A. pernyi based PCR will have broader utilization prospects in sericulture. Its application could focus on the early detection of inspection. 
